Introduction
The largest reservoirs of serotonin in the mammalian body are the blood circulation and the gastrointestinal mucosa (1,2). The main producers of body serotcnin are gastrointestinal enterochromaffin cells and, in rodents, mast cells. Although platelets carry large amount of serotonin, they do not synthesize it. Tryptophan hydroxylase is the rate limiting enzyme of serotonin biosynthesis and is localized specifically in serotonin producing cells. Little is known as to the regulation of peripheral serotonin production. In our previous study (13) , a rapid turnover of tryptophan hydroxylase was achieved by using cycloheximide to metabolically arrest protein biosynthesis in RBL2H3 cells of a cultured mast cell line derived from a rat basophilic leukemia cell. Tracer experiments using 35S-methionine incorporation indicated that the turnover was driven by the specific degradation, suggesting that it was boosted with ATP. In the present syudy, the proteolytic process was demonstrated in a cell-free system.
Materials and Methods
Two mast cell lines, RBL2H3 (derived from a rat § Author to whom correspondence should be addressed. basophilic leukemia cell) (3) and FMA3 (from a mouse mastocytoma cell) (4), were obtained from The Japanese Cancer Research Resources Bank (Tokyo). RBL2H3 cells were kept as a monolayer culture in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal calf serum. FMA3 cells were maintained as a suspension culture in RPMI1640 medium containing 10010 fetal calf serum. All cultures were maintained at 37°C under 5% CO2/95% air.
The cell extracts for electrophoretic analyses were prepared from freshly harvested cells. The cells were washed twice with PBS(-), Ca2+, Mg2+-free Dulbecco's phosphate buffered saline, and the pellet was suspended in 3 volumes of PBS(-). The supernatant solutions were then used immediately. After SDSpolyacrylamide gel electrophoresis, proteins were blotted onto a nitrocellulose filter (Advantec, Tokyo) by electrophoresis (5) . The proteins were visualized using rabbit polyclonal anti-tryptophan hydroxylase serum (6) as the primary antibody and horse radish peroxidase-conjugated anti-rabbit IgG (goat, purchased from Wako, Tokyo) as the secondary antibody. Electrophoretic images on immunostained membranes were digitized at 300 x 300 dpi using an Epson GT-6000, a flat-bed scanner connected to a Macintosh computer. The band density was quantified with the aid of NIH-image (ver.1.55), a public domain software written by Wayne Rasband, NIH.
Results
Tryptophan hydroxylase activity of RBL2H3 cells Incubation period (min) Figure I . In vitro degradation of tryptophan hydroxylase protein : Cell extracts of both P-815 (6 mglml) and RBL2H3 (10 mglml) were prepared separately. They were then mixed at concentrations of 3 mglml each in saline then incubated at 30°C for the indicated period. The mixture was subjected to SDS-polyacrylamide gel electrophoresis for Westernblot analysis using the anti-tryptophan hydroxylase rabbit serum as the primary antibody. TPH: tryptophan hydroxylase (Mr= 53,000). In the inset, the left most lane represents the extracts from P-815 alone. From the next lane to the right, incubations were 0, 10, 20, 30, 45 and 60 min. measured in our cell-free system was 4.68 ± 1.76 pmoI5HTP/min/10 6 cells (n=24). Adminstration of cycloheximide (10 flg/ml) to the culture abolished the enzyme activity completely within 4 hours. The shortest half life of the enzyme in the presence of cycloheximide was 11 min, although slower decreases were frequently observed. On the other hand, P-815 cells, a mouse mastocytoma cell line, exhibited much higher tryptophan hydroxylase activity, maintained at around 150-pmol 5HTP/ min/ lO6 cells, roughly 30-fold higher than RBL2H3 cells. The observed half life was always longer than 60 min, indicating that tryptophan hydroxylase is more stable in P-815 than in RBL2H3 cells. Since the instability of the enzyme in living cells has been shown to result from proteolytic cleavage of tryptophan hydroxylase, RBL2H3 cells may contain higher protease activity. In vitro proteolysis was carried out with the cell-free extracts. P-815 cells were employed as the source of substrate whereas RBl2H3 cells were used as the source of what was presumably protease. Cell-free extracts were prepared separately, mixed, and were then incubated at 30°C. Polypeptide bands were detected by Western blot analysis with the use of polyclonal anti-tryptophan hydroxylase antiserum as the primary antibody (Figure 1 ). The major band with an \1r= 53.000 representing the intact tryptophan hydroxylase subunit faded as incubation continued. Faint ba nd s with Mrs=50,000 and 37,000 were noted bdo re incubation but they eventually disappeared, :\ clea r band with an Mr= 35,000 and a faint one with an Mr= 32,000 appeared then faded as incubation continue. Incubations of P-815 extract alone did not bring about a significant change in immunoreactive bands. Susceptibility of the relevant protease to inhibitors was examined using disappearance of the major band as the indicator (Figure 2 ). This disappearance was effectively inhibited by 1 mM phenylmethylsulphonyl fluoride (PM SF), suggesting that serine protease is involved in the degradation, however, the following reagents were not effective when added separately; 20 flg/mi of aprotinin, 100 flg/ml of leupeptin, 20 flg/ml of pepstatin, and lO mM EDTA. In lanes 4 to 7, a 35kDa band was seen as well as in the lanes 1 and 3. The 35kDa band was then judged to be proteolytic product cleaved from the main band.
Discussion
The rapid turnover of tryptophan hydroxylase is driven by proteolysis. The shortest half life of the enzyme so far observed was 11 min; most often it was around 20 min and even slower decreases were observed. Little is known about the mechanism controlling proteolysis. In order to study the proteolytic process, in vitro proteolysis was carried out. Since polyclonal antibody almost randomly recognizes various sites along the polypeptde chain, we used this characteristic in tracing tryptohan hydroxylase clevage on SDS-electrophoresis followed by Western blot analysis.
In the present experiment, the main band of Mr = 53,000, presumably tryptophan hydroxylase, was shown to be cleaved into smaller molecules. A dense band with an Mr= 35,000 appeared and another faint band (35 kDa) also emerged. However it is not clear whether the proteolytic process involves a single protease cleaving several sites on tryptophan hydroxylase or whether additional proteases are needed. In the cellular system (13), a degradation image was also clearly observed but new (smaller) bands were hardly detectable, suggesting that the initial cleavage may be the rate limiting factor. In the in vitro system, subsequent proteases may not as efficient as in the cellular system. Actually, in the 35S-methionine tracer experiments with intact cells, a small but extremely dense band (less than 20 kDa) was the major band which was recognized by the polyclonal antiserum.
It is well known that the mast cells have considerable amounts of proteases, termed chymases and tryptases, in their excretion vesicles (7) (8) (9) (10) (11) (12) . Since extracts prepared from homogenized cells may have included these proteases, the fact that tryptophan hydroxylase rich P-815 cells, do not show significant proteolysis of tryptophan hydroxylase, supports the idea that the observed protease activity was specific for tryptophan hydroxylase. Vesiculer proteases of the mast cell have been well described. In addition, peptide analysis of the fragments which appeared in these experiments should provide information on the specificity of the relevant protease to tryptophan hydroxylase. Weare trying to isolate the fragmented peptides for these analyses.
